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CHAPTER 9 



Aldehydes and Ketones; Addition Reactions 
ot the Carbonyl Group 



General Properties 
9-1 Introduction 



noted, aldehydes and keSs are thl * substances. As we have 

containing the carbonyH^nctfonaTgPoup:^ '"'"^'^^ ^"''^^^-^^ 



Carbonyl group Aldehyde Ketone 



This group and Ihe alkene function vie for the title of th. .-, . 

organic chemistry, and in fact the , »er»a<"le in 

major topic in six kter chap Ih^thi^ terSlr,^^ "^'^""^ 

r^l^^^.,raiL-£r"^^^^ 

mediates, and ntan, « the^i&ratlltrit^^^^^^ 

O H o— H 
Generalized carbonyl addition reaction • H I I 

* + Y ^ — G-Y 



9-2 Nomenclature 
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34-13 COMPARISONS BETWEEN OXYGEN AND SULFUR 



3 substitution, 
I very strongly 



er reaction 



ttible to acid- 
ith electron- 



furan is sub- 
nth ammonia 

Js stable than 
he tautomer? 



The Orgonic Chemistry of Sulfur and Phosphorus 
3413 Comparisons between Oxygen and Sulfur 

Sulfur lies below oxygen in the same column of the periodic table and there- 
fore has the same complement of six electrons in its valence shell. The top 
half of Table 34-3 shows obvious analogies between the two sets of functional 
groups. In many respects, thiols behave like alcohols, thioethers like ethers, 
and sulfonium ions like oxonium ions. A closer inspection reveals many 
important differences. Thiols are considerably stronger acids than alcohols, 
yet their conjugate bases are much stronger nucleophiles. Unlike alkoxides, 
thiolate anions form very strong complexes with many transition metals and 
with heavy-metal cations, e.g., lead, copper, silver, and mercury. (The older 
name for thiol is mercaptan , a term coined to refer to the affinity for mercury.) 

Table 34-3 Sulfur-Containing Functional Groups 



Parallels between functional groups containing O and S 
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Oxidized functional groups of S 
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Disulfide 


Sulfoxide 


Sulfone 


Sulfinic acid 


Sulfonic acid 



A more important difference is the ready oxidation of thiols and thio- 
ethers to a series of new functional groups, shown in the bottom half of 
Table 34 3. The disulfide is the sulfur analog of a peroxide but is much more 
stable. The other groups have no stable analogs in oxygen chemistry. 

A final difference between sulfur and oxygen is the instability of the 
thiocarbonyl function. With certain exceptions (CSj is the major example), 
the R2C=S group is very labile to addition reactions. Alkyl thioaldehydes 
and ketones can be generated only as fleeting intermediates that rapidly 
dimerize or trimerize. The chemistry of thiocarbonyl derivatives is a com- 
paratively insignificant chapter of organosulfur chemistry. 

These behavioral differences can be explained in part by considering 
bonding properties of the elements. Sulfur is a larger, less electronegative, 
and more polarizable element than oxygen, and its anions form relatively 
weak hydrogen bonds. These properties play determining roles in the high 
nucleophilicity of sulfur. Relative to their oxygen counterparts, single C — S 
and H — S bonds are weak and — S — S — bonds are stronger (Section 29-5). 
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